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Overview 


From within formal classrooms to educational games 
after school, technology is widely used in teaching and 
learning around the world. When used appropriately, 
technology has the power to support teachers and en- 
gage students, providing tools to create and evaluate 
tasks previously considered out of reach. 


At the Center for Universal Education (CUE) at the 
Brookings Institution, we are studying innovations that 
can rapidly improve education progress, including 
innovations that use education technology. If the ed- 
ucation sector stays on its current trajectory, by 2030 
half of all children and young people around the world 
will lack basic secondary-level skills needed to thrive.' 
To change this dire prediction, we must make rapid, 
non-linear progress, or what CUE calls /eapfrogging. 


Technology can help education leapfrog in a number 
of ways. It can provide individualized learning by 


tracking progress and personalizing activities to serve 
heterogeneous classrooms. It can support playful 
learning through approaches such as games. Tech- 
nology allows students to collaborate and engage 
with peers in different parts of the world, and it offers 
platforms for data collection and analysis that lead to 
improvements in the broader education system. 


This brief is the second in a series of Leapfrogging 
in Education snapshots that provide analyses of our 
global catalog of education innovations. (Our first 
snapshot focused on playful learning.) The catalog 
and our corresponding research on leapfrogging 

is explained in depth in CUE’s book, “Leapfrogging 
inequality: Remaking education to help young people 
thrive.” Of the nearly 3,000 global innovations CUE 
cataloged, more than one half involve the use of 
technology, which suggests strong interest in its use 
and application in aiding educators around the world. 
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How can 


technology 


be used 


In 


education? 


Simply using technology doesn’t guarantee an impact 
on learning.* The introduction of technology in schools 
has often focused on reinforcing traditional teaching 
and learning practices, instead of what is truly need- 
ed to leapfrog education: applying, evaluating, and 
creating Knowledge. Recent research has shown that, 
rather than using technology for intense “drill and kill” 
exercises, technology is successful when it is inter- 
active, includes real-time feedback, and allows stu- 
dents to creatively apply and evaluate what they have 
learned.® 


Technology can augment lessons from teachers, 
providing details or reinforcement through videos, and 
support for playful learning experiences. It can provide 
endless practice problems and track the progress of 
personalized learning. While a common critique of 


technology is that it is often unavailable to marginal- 
ized groups, this is not always the case. Technology 
can bring education to students with disabilities that 
prevent their attendance in typical classrooms, for 
example. And it can help knowledge and information 
reach remote or otherwise difficult-to-reach students 
who do not have other access to classrooms and edu- 
cational materials. 


It is important to note that technology cannot replace 
teachers, nor is this likely to occur. In fact, a 2016 anal- 
ysis by McKinsey & Company reported that teaching 
is one of the least likely professions to be automated.® 
When used effectively as a tool to enhance learning, 
technology has the power to transform the interactions 
between students and teachers and to lead to increas- 
es in student learning. 


Catalog analysis 


CUE’s global catalog provides a picture 
of education innovations happening 
around the world. To create the catalog, 
we compiled 2,854 education innovations 
from 16 “innovation spotter” organizations. 
The innovations range from non-govern- 
mental organization (NGO) projects to 
for-profit products to government initia- 
tives and schools and take place in 166 
countries and in 4 languages. We further 
analyzed the innovations against our 
leapfrog pathway (see Figure 1), which 

is a framework CUE developed to show 
specific steps needed for education inter- 
ventions to leapfrog. The pathway has two 
core elements: teaching and learning and 
recognition of learning. \t also has two 
support elements, not required for leap- 
frogging but often helpful given the scope 
of the challenge: people and places, and 
technology and data. 


Of all innovations in the catalog, technol- 
ogy was present in more than half (57 
percent)—or 1,640 total—innovations (see 
Figure 2). The catalog and this snapshot 
are hardly an exhaustive list of all educa- 
tion technology innovations, but they do 
provide insights into trends and areas of 
opportunity for the education community. 


The Leapfrog Pathway 
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Figure 2 


Ed-Tech Innovations in CUE’s Catalog 
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The SAMR model 


A useful framework for understanding how to use 
technology effectively in education is the SAMR model, 
developed by Ruben Puentedura in 2006. The SAMR 
framework focuses on the use of technology in edu- 
cation in four ways: substitution, augmentation, modi- 
fication, and redefinition. Substitution can be thought 
of as substituting an analog method, such as quizzes 
on paper, with a digital version. Augmentation implies 
an improvement of a function, such as automatically 
graded worksheets, freeing up teachers’ time. 


The other two types of technology use, Puentedura 
argues, are fundamentally different and align to our 
view on the potential of education technology innova- 
tions to support leapfrogging. Modification allows for 
significant task redesign, such as aiding the teacher in 
connecting students with peers from a distant part of 
the world and exchanging essays to provide feedback 
with a different cultural perspective. Another example 


is students using geographical information system 
mapping technology to transform and display census 
data in a social studies class. Redefinition means 
that the use of technology creates an experience that 
was previously inconceivable. An example is dividing 
students into groups and having them collaborate on a 
video tutorial on how to multiply and divide polynomi- 
als. This video can then be used in class and posted 
online so other students can ask questions or discuss 
the topics covered. Redefinition requires the innova- 
tion to expand access to educational opportunities, 
amplifying active learning, and allowing teachers and 
students to create and innovate beyond the existing 
material. 


Figure 3 shows the distribution of the ed-tech innova- 
tions in our catalog with respect to their leapfrogging 
potential as defined by the SAMR model. Most of the 
innovations use technology to augment or modify the 
educational experience. 


Ed-Tech Innovations on the SAMR Spectrum 
Redefinition 


5% 


Substitution 
15% 


Augmentation 
46% 


Who implements and funds ed-tech 
innovations? 


Of the innovations using technology in our catalog, 

46 percent are implemented by NGOs. The second 
largest implementer is the private sector at 40 per- 
cent, while governments make up only 11 percent of 
implementers. A smaller number of innovations are 
delivered by other organizations, including religious 
organizations or by collaborations between NGOs, the 
private sector, and government. 


Providers of Ed-Tech Innovations 


Other/Collaboration 
3% 


By Government 
11% 


Most ed-tech innovations in our catalog (87 percent) 
identified information on their funding sources, and 
just under half of these financed their operations from 
more than one source. As shown in Figure 5 below, 
user fees proved to be the largest source of funds, 
supporting 37 percent of all catalogued ed-tech inno- 
vations. The second largest source of funding was the 
private sector, supporting 31 percent of innovations. 
Philanthropic organizations and governments were the 
third and fourth largest funders, respectively, of tech- 
nology use in education, in contrast with international 
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aid agencies that only support 9 percent of technolo- 
gy innovations in our catalog. 


Figure 5 
Funding Sources of Ed-Tech Innovations 
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Who benefits from ed-tech 
innovations? 


Of the ed-tech innovations in our catalog, only half 
identified the specific groups of learners the inno- 
vations serve. We analyze these groups below, with 
the caution that a complete picture of beneficiaries 
cannot be fully understood. We do, however, find some 
potential insight into trends and underserved groups. 
Most of these innovations provide services to multiple 
categories of beneficiaries spanning various income, 
geographic, and cultural groups, with 67 percent 
targeting more than one specific group. As Figure 6 
shows, students from low-income households are the 
most often served group by income level. Ed-tech 
innovations target children from rural areas slightly 
more than those in urban settings. Smaller numbers 

of ed-tech innovations specifically target out-of-school 
children and ethnic minorities, and an even smaller 
number of innovations serve child laborers, displaced 
children, and children in conflict—highlighting a gap in 
the provision of such interventions. 


EduApp4Syria is an innovation competition funded by the Norwegian Agency for Development 
Cooperation (Norad) in cooperation with other global development partners. The goal of the project 
is to provide an engaging digital game-based learning tool for out-of-school Syrian children to help 
them improve their Arabic skills and psychosocial well-being.'° Two apps were chosen from 78 bids 

across 31 countries, with final input from refugee Syrian children living in Norway who tested the 

apps. “Feed the Monster” is a puzzle game that helps the player learn Arabic gradually based on 


Syrian Arabic language arts curriculum. It has since been adapted in 25 languages. “Antura and the 
Letters” features multiple mini-games that span the full Arabic primary school literacy curriculum. 
Both apps are free and can be downloaded for use when offline. Since the original launch, the apps 
have been installed on over 80,000 mobile devices. There have been marked improvements in oral 
reading fluency, with 22 hours (Feed the Monster) and 27 hours (Antura and the Letters) of play 
equivalent to approximately 30 hours of classroom instruction time in early grade reading." 
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Primary school-aged children are the largest age “Figure 8 

group served by ed-tech innovations, accounting 

for 1,094 innovations, followed by secondary school Distribution of Ed-Tech Innovations Around the 
age-students (Figure 7). It is important to note that World 

many innovations focus on more than one age group 

of learners. ao 
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Where in the world are ed-tech What kind of hardware is used in 
innovations? ed-tech innovations? 


The ed-tech innovations in our catalog are concentrat- —_ Innovations that use desktop or laptop computers are 
ed in North America and western Europe, with a fair the most common type of technology innovation in our 
amount present globally (two or more regions) and in catalog. This is unsurprising, given that this technolo- 
Sub-Saharan Africa, Latin America and the Caribbean, gy is older and more established than comparatively 
and South and West Asia, as shown in Figure 8. more recent tablets or smartphones. Computers, 
along with software or a website, can provide lessons, 
homework, practice, and research materials. Portable 
laptops allow children to learn at home, extending the 
time they can benefit from educational games and 
software. Although in our catalog NGOs are the most 
common deliverer of ed-tech innovations, the private 


sector most often delivers innovations through desktop 
or laptop computers. Programs using desktop or lap- 
top computers focus most often on literacy, followed 
by 21st century skills. 


Like laptops, tablets are a portable way to bring learn- 
ing to new locations, and they tend to be less expen- 
sive than computers. Tablets can introduce gamified 
innovations to students, provide access to books away 
from school, and personalize learning through indi- 
vidualized learning plans and projects. In our catalog, 
the private sector was most likely to deliver an inno- 
vation with tablets, with those innovations focused on 
numeracy, followed by literacy, 21st century skills, and 
science. 


The use of mobile phones in education has increased 
as phones themselves have become more advanced. 
Smartphones can provide access to educational apps, 
dictionaries, translators, textbooks, and more. Mobile 
phone innovations are most often delivered by the 
private sector and primarily target literacy. Figure 9 
illustrates the breakdown of hardware used in ed-tech 
innovations. 


Hardware Used in Ed-Tech Innovations 
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What are the goals 
of ed-tech innovations? 


The goals of ed-tech innovations range from improv- 
ing skills or teaching methods to improving access 
or attendance. They can also improve administrative 
efficiency by easing financial transactions and main- 
taining records. The overwhelming majority of ed- 
tech innovations in our catalog (84 percent) focus on 
improving students’ skills, whether cognitive or socio- 
emotional (See Figure 10). 


Goals of Ed-Tech Innovations 
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How do ed-tech innovations support 
the learning process? 


The use of technology in education can solve a variety 
of challenges faced by teachers and education insti- 
tutions. We focus on three below: (1) fostering playful 
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learning; (2) engaging with the community; and (3) 
supporting or “unburdening” teachers. (See Figure 
11.) First, technology can enhance playful, hands- 

on learning by providing tools to enable interactive 
learning; for example, a computer science application 
can help students program a robot or a videoconfer- 
encing platform can allow students to engage with 
peers around the world. Second, ed-tech can increase 
engagement with students’ communities by extending 
the focus beyond the classroom walls through stu- 
dents’ virtual interactions with their local and broader 
communities or by engaging parents via applications 
to assist with homework help. Finally, ed-tech can sup- 
port or unburden teachers by freeing their time from 
administrative tasks or providing a platform where stu- 
dents learn at their own pace through an application." 


Ed-Tech Innovations Supporting the Learning 
Process 
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Fostering playful learning 


Fostering hands-on, or playful learning, experiences 
is the most common use of technology in the learning 
process, accounting for 67 percent of ed-tech inno- 
vations in our catalog. This form of learning is at the 


center of leapfrogging, as it meaningfully connects to 
students’ lives and encourages active and engaging 
learning.'° Research shows that when technologies 
support playful learning experiences, are interactive, 
and include real-time feedback, their impact on learn- 
ing outcomes is enhanced.'® When technology fosters 
playful learning, children may design video games to 
explain biological processes, use self-paced software 
to learn languages, or create social enterprises using 
online communication platforms. 


Many technological innovations in our catalog support 
a specific type of playful learning—that of proj- 
ect-based learning. Projects engage curiosity, provide 
real-life examples, and allow students to explore a 
subject over a longer period than just a lesson. Tech- 


nology can facilitate project-based learning by pro- 
viding resources and research opportunities. Ed-tech 
can also foster student engagement through gamifi- 
cation, a form of playful learning that seeks to capture 
the benefits of games. Gamification builds on the 
elements of narratives and storytelling, collaboration, 
and competition while fostering self-regulation and the 
ability to handle the unfamiliar to create meaningful 
learning experiences." 


Engaging with parents and the community 


Technology can facilitate engagement with the com- 
munity, broadening the sphere of people from whom 
children learn. Innovations with this focus account for 
almost 35 percent of the ed-tech innovations in our 
catalog. When a community is engaged in a school, it 
may become more invested in the success of its stu- 
dents. Likewise, when students focus on their broader 
community, they can engage in projects that bene- 

fit others. Ed-tech innovations that engage with the 
community can involve video calls with experts, social 
networks for students to conduct research, and online 
platforms for parents to provide homework help. 


These innovations have the potential to transform the 

fabric of a community. Parents and community mem- 

bers are often given opportunities to learn technolog- 
ical skills as well, either alongside students or as a 


separate component to an innovation. The acquisition 
of such skills enhances the capability and potential of 
a community which can result in lasting gains.?° Part- 
nerships that incorporate ed-tech can be particularly 
rewarding in disadvantaged or underserved communi- 
ties as a unifying force that encourages collaboration 
and making a real difference around a shared pur- 
pose.?*! 


Supporting or ‘unburdening’ teachers 


Supporting teachers is another important role that 
technological innovations can play, accounting for one 
quarter of the ed-tech innovations in our catalog. Tech- 
nology can be used to unburden teachers and help 
them focus on pedagogy. Tools can provide teachers 
with professional development and ready-made lesson 
plans, may connect students to experts and mentors, 
or provide activities and games for student use during 
class time. Additionally, with the help of technology, 
teachers can be facilitators, or guides, for learning 
activities rather than leading the entire lesson through 
a lecture. For example, a teacher may facilitate a video 
or conference call between students and academics 
or experts elsewhere in the world. 


A key component of the use of technology in ed- 
ucation is the ability to collect and analyze data in 
real-time, and, when done appropriately, this can 
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support teachers. Adaptive learning platforms, for 
example, modify tasks or exercises according to a 
student’s specific needs. Students can play games or 
complete tasks that demonstrate their proficiency in a 
topic, while learning analytics determine when stu- 
dents are ready to move to the next level, rather than 
allotting a fixed amount of time for a lesson. These 
platforms can provide direct feedback for educators, 
highlighting where individual students need more 
attention. 


Data collection and analysis can help teachers identify 
the strengths and weaknesses of individual students, 
get accurate attendance data, and help personalize 
lesson plans or evaluations to target specific skills 
students need to master. For data to be useful and 
have a positive impact, teachers and staff must not 
feel burdened by the task of collection. Technology 
can facilitate this, integrating collection into day to day 
activities such as roll call and evaluations. Data can 
also be automatically reported to the education minis- 
try, NGO, or education system headquarters to help in 
strategic decision making. 


What are the competencies and skills 
developed by education technology 
innovations? 


In terms of the skills targeted, technological innova- 
tions are significantly diverse (see Figure 12). Although 
one might expect digital literacy to be the focus, liter- 
acy—closely followed by 21st century skills—are the 
most common skills targeted by technology innova- 
tions in our catalog, accounting for 61 and 58 percent 
of ed-tech innovations, respectively. 


Twenty-first century skills, the second most commonly 
targeted skills, include collaboration, critical thinking, 
communication, and problem solving. When using 
technology, this might mean collaboration on a digital 
project or software that encourages problem solving 
through a game. These skills are vital for a future that 
demands flexibility, teamwork, and participation in a 
complex and globalized world. 


Numeracy rounds out the top three skills targeted by 
the ed-tech innovations in our catalog. It is import- 

ant to note that almost 70 percent of the technology 
innovations in our catalog focus on more than one skill, 
showing that the appropriate use of technology can 
foster a range of skills. 


GuruG, a fee-based, private sector tool in India, provides teachers with “Gee,” a digital classroom 
mentor. Gee helps teachers discover teaching tactics, including curriculum-aligned teaching 
ideas, analysis on student learning, lesson plans, log books, and reports. GuruG also provides 
personal recommendations to teachers and is gamified to facilitate utilization and increase teacher 


enjoyment.“ Usage of GuruG by nearly 13,000 teachers across India has been associated with 
an 86 percent increase in student outcomes, reaching 320,000 students total.*° A notable aspect 
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How effective are ed-tech innovations? 


Worldwide investment in ed-tech is growing every 
year, with total global investment reaching 9.56 billion 
dollars in 2017.76 The growing number of resources 
devoted to these educational tools raises the import- 
ant question: How effective are they? Recent literature 
reviews have shown that many promising innovations 
did not impact student learning, measured in reading 
and math evaluations. A 2017 review conducted by 
Escueta et al. finds that simply providing students with 
access to hardware has a limited impact on learning 
outcomes.”’ A promising finding that emerges from 
the study is that computer-assisted learning when 
equipped with the personalization component, such 
as adaptive learning platforms, can be effective, 
especially in developing math skills. Muralidharan et 
al. evaluates a personalized technology-aided after 
school program for middle school students in India.” 
The authors find that students made large gains in 
both math and language and attribute the results to 


Science 
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personalizing the learning experience and providing 
individualized feedback. A promising approach has 
been conducted by the ONEBillion project, an NGO 
that develops numeracy applications for in and out of 
school children. Through partnerships, the OneCourse 
software has been incorporated and scaled in schools 
across several countries and was externally evaluated 
using a Randomized Control Trial (RCT).7° 


Of the 1,640 ed-tech innovations in our catalog, only 
182 (11 percent) were evaluated externally. Eighteen 
percent were internally evaluated and only 11 innova- 
tions (less than one percent) were evaluated both in- 
ternally and externally. This leaves a total of 70 percent 
of the ed-tech innovations in our catalog that either did 
not make evaluation data publicly available or were not 
evaluated. Only 26 out of 1,640 ed-tech innovations 
were evaluated using RCTs. These statistics highlight 
the need for more rigorous evaluations of the impact 
of ed-tech innovations and their impact on the delivery 
of diverse skills to different groups of individuals. 
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Conclusi 


Ed-tech innovations are taking place all over the 
world, in low- and high-resource settings. The ed-tech 
innovations in CUE’s global catalog are most com- 
monly implemented by the NGO community and the 
private sector. These innovations can involve the use 
of desktop and laptop computers, tablets, and mobile 
phones, and focus on a range of skills including liter- 
acy, numeracy, 21st century skills, and digital literacy. 
Importantly, many ed-tech innovations contribute to 
playful learning, community engagement, and the 


unburdening of teachers, and when used in the form 
of modification or redefinition, can help leapfrog learn- 
ing. Our review of the global catalog identified a lack 
of effectiveness evaluations. As the field continues to 
grow, we encourage the global education community 
to conduct more rigorous impact evaluations. At its 
best, technology can bring efficiencies, reach broader 
communities, and enhance learning needed to ensure 
all children and young people receive access to a 
high-quality, future-ready education. 
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